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THE EFFECT OF DIMETHYL STJLFOXJDE ON THE
EPIDERMAL WATER BARRIERE
THOMAS M. SWEENEY, M.D., ALAN M. DOWNES, M.S.t AND
A. GEDEON MATOLTSY, M.D.
Recently dimethyl sulfoxide (DM50) has been
reported to have several properties suggesting a
wide range of possible medical uses (1—4). Its
apparent ability to enhance the percutaneous
absorption of dissolved substances was especially
interesting to us (5, 6). As part of a study in vitro
of the epidermal water barrier, we treated the
epidermis of the hairless mouse with DM80 and
determined its effect on the rate of passage of
tritiated water through the skin. In view of the
current interest in DM50, the results of this study
are presented here.
Full thickness skin from hairless mice (strain
HRS/J; obtained from The Jackson Laboratory,
Bar Harbor, Maine) 8—16 weeks of age was used.
This species was chosen because the absence of
eccrine sweat glands and the small size of the hair
follicles minimize these routes as significant path-
ways of penetration. Preliminary studies with the
technic described below showed that although the
flow rate of tritiated water varied from specimen
to specimen in the range 0.18—1.08 mg/cm/hr(based on 80 determinations), water passed
through a particular piece of skin at a constant
rate so that measurements were reproducible for
24 hours after the mouse was killed. Hence, valid
conclusions on the effect of DM50 on the epi-
dermal water barrier could be drawn only with
difficulty by comparing average flow rates. There-
fore, the effect of DM80 was studied by first
measuring the actual rate of flow of tritiated water
for each piece of excised skin. Subsequent measure-
ments, made after DM80 application, can then be
related to the initially obtained values. Thus, the
following technic was used to study the effect of
DM80.
Immediately after dissection, the skin was cut
into six pieces, each of which was clamped between
two glass cells which enabled the rate of flow of
water through an area of 0.71 cm2 to be measured.
Each cell had three outlets, one to drain the
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water, the other two attached to a reservoir with
an air-lift to circulate the liquid. Isotonic saline(5 ml; pH 6.4) was added to each side of the
apparatus, and tritiated water (0.05 ml; 400 /Ac/ml)
was then added to the epidermal side. The experi-
ments were done at 25—26° C. Three samples (0.5
ml) were taken from the dermal side at 30 minute
intervals beginning one hour after the addition
of the tritiated water; the volume was restored
by adding 0.5 ml saline after each sampling. The
results of preliminary experiments indicate that
a steady rate of penetration of tritium is reached
within one hour. Each sample was placed in a
counting tube and 12.5 ml of a solution of a
scintillator (a mixture of 4 gm diphenyloxazole, 25
mg p-bis[2-(5-phenyloxazolyl)]-benzene, and 50 gm
naphthalene dissolved in dioxane to a total volume
of one liter) was added. The radioactivity of these
samples and appropriate standards was measured
in a Nuclear Chicago Liquid Scintillation Counter,
model 701. The flow rate was then calculated in
mg/cm'/hr. After the rate of passage of tritiated
water had been determined for each piece of
skin, the chambers were emptied and rinsed with
saline. DMSO in varying concentrations was then
added to the epidermal side and left in contact
with the epidermis for 30 minutes. The chambers
were again emptied and thoroughly washed by
circulating several changes of saline over a 30-
minute period. The rate of passage of tritiated
water was then measured again as described above.
The effect of DMSO on the epidermal water
barrier was evaluated by dividing the final flow
rate of tritiated water by the initial one and
plotting the ratio as a function of concentration of
DM50. The results (Fig. 1) indicate that there
was no significant change in the rate of passage of
water through the skin when the epidermis was
treated for 30 minutes with aqueous DMSO in
concentrations up to 50%. There was an increase,
approximately 50%, however, when 60% DMSO
was used, and a much larger increase, about 10-fold,
when 75% DMSO was applied. With 90% DMSO
or with undiluted DMSO, the rate of passage in-
creased about 90-fold. The increased flow rates
were constant, and there was no evidence of a
trend towards recovery of the barrier to the pas-
sage of water.
The following experiments were then done to
see if there was an additional effect due to presence
of DMSO in contact with the epidermis during
diffusion. After completion of sampling to define
the initial rate of flow of water, DMSO was added
directly to the solution on the epidermal side to
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produce concentrations ranging from 20 to 50%.
Sampling from the dermal side was continued for
a period of four hours. Under these conditions the
rate of passage of tritiated water was unchanged,
as shown in Fig. 2. The effect of time of exposure
to DMSO was also studied. The results (Table I)
show that the rate of flow of tritiated water in-
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Fie. 1. Change in the flow rate of tritiated water
through hairless mouse skin after treatment of
the epidermis with various concentrations of
DMSO in vitro for 30 minutes.
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creased with longer treatment periods; the in-
creases, however, were small compared with those
due to increasing the concentration of DMSO.
These results suggest three significant conclu-
sions. Firstly, they show that the concentration
of DMSO is far more important than the time of
exposure in determining the effect on the water
barrier. Secondly, the increases in the rate of
passage of water due to exposure to concentrated
aqueous solutions of DMSO are apparently perma-
nent in vitro. And finally, DMSO does not appear
to have any special ability to promote the passage
TABLE I
Rate of passage of tritiated water through the skin
of the hairless mouse in vitro after treatment
with DM80 for various periods of time
Concentra-
tjOfl of
DMSO (%)
I
Treatment
period
(minutes)
Rate of flow
of water
(mg/cni2/hr)
Final rate
Ratio of flow
Initial rate
of flow
Initial Final
50 30
60
120
.52
.28
.30
.58
.46
.67
1.1
1.5
2.1
75 10
20
30
.66
.39
44
4.3
2.6
4.2
6.4
6.7
9.6
HOURS
Fio. 2. Flow rate of tritiated water through hairless mouse skin in vitro before and
after addition of DMSO in varying concentrations to the epidermal side of the chamber.
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of water through the skin by its mere presence, at
least in this experimental situation.
It is interesting to note that the higher con-
centrations of DM50 which we found necessary
to produce permanent effects on the water barrier
(Fig. 1), are in the same range found by Kligman(6) to be necessary to enhance the penetration of
substances such as tetrachlorosalicylanilide, Dcclo-
mycin, and sodium fluorescein through human skin
in vitro. However, Kligman found that pretreat-
ment of discs of human horny layer, obtained
from autopsy material, with 50% or 90% aqueous
DM50 or with undiluted DM50 for 24 hours
produced only minor changes in the rate of passage
of water. Further studies will be necessary to
resolve this apparent difference from our results.
SUMMARY
Excised skin of hairless mice was clamped be-
tween two glass cells filled with saline and after
the addition of tritiatcd water to the epidermal
side, the rate of passage of tritiated water for each
piece of skin was determined. Then, DM50 in
varying concentrations was either added directly
to the solution on the epidermal side or was
applied to the epidermal side for Yarying periods
of time. Subsequently, the new rate of passage of
tritiated water was determined and compared with
the initial value. The results showed that:
(1) DMSO does not appear to have any special
ability to promote the passage of water through
the skin by its mere presence,
(2) permanent changes are produced in the rate
of passage of water through the skin by applica-
tion of concentrated solutions of DMSO (60—
100%), and(3) the concentration of DMSO is far more
significant than the time of exposure in determin-
ing the effect on the water barrier.
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